The objective of the study was to determine how the partial supplementation of Moringa oleifera whole seed meal (MOWSM) would affect layer performance, egg quality and egg fatty acid profile. One hundred and forty-four Hy-Line hens in early-lay (20-weeks-old), with an average body weight of 1.45 kg were randomly allocated to four dietary treatments which were formulated to meet or exceed the National Research Council standards for brown-egg laying hens. Dietary treatments consisted of 0 (control), 1, 3, and 5% MOWSM. Layer performance was monitored over a period of 8 weeks. The inclusion of MOWSM in layer diets reduced feed intake, bodyweight, the rate of lay, egg weight, and egg mass. Yolk colour was significantly improved by 1, 3 and 5% inclusion levels, while the albumen height decreased. The albumen weight, yolk weight, eggshell weight, eggshell thickness, and egg shape index showed no statistical differences across all treatment groups. Similarly, the saturated fatty acid profile was also not affected. Palmitoleic acid decreased with the increase in MOWSM inclusion, whilst linolelaidic acid increased. The atherogenicity index was not affected by MOWSM inclusion, while the thrombogenicity index increased when compared to the control diet. It was concluded that, although MOWSM inclusion improved yolk colour, maintained external egg quality, and improved the fatty acid profile, the deleterious effect that it had on layer performance indicated that it may not be fed to early-lay hens at these respective levels.
Introduction
Feed accounts for 60 -70% of the total cost in commercial poultry production (Sayda et al., 2011) . Soybean meal is the main crude protein (CP) source that is used, as it contains adequately balanced amino acids and satisfactory essential fatty acids (FAs) to satisfy the laying-hen nutritional requirements (Hammershoj & Steenfeldt, 2005; Shi et al., 2012; de Morais Oliveira et al., 2016) . The exceptional performance of soybean meal has increased its demand in the animal feed industry, which has subsequently led not only to its scarcity but also to an increase in its price (Laudadio et al., 2011; Abbas, 2013) . In the quest to reduce feeding costs and improve profit margins, the use of non-conventional CP sources to supplement soybean meal in layer diets partially or completely is gaining research and industry interest (Moreki & Gabanakgosi, 2014) . The non-conventional CP source that will be identified to supplement soybean meal in layer diets must also contain adequate FAs that can contribute positively to egg quality and consumer health.
Among other non-conventional CP sources, Moringa oleifera whole seed meal (MOWSM) has been reported to have the potential to be used in monogastric diets (Moreki & Gabanakgosi, 2014; Ayasan, 2015 , Ahmed et al., 2017 . There are ten to twelve species of the Moringaceae family that belong to the genus Moringa and M. oleifera is said to be the most commonly used of them all (Abdulkarim et al., 2005; Alikwe & Omotosho, 2013) . The MOWSM contains 95% dry matter, 3.48% ash, 39.17% crude protein, 38.8% ether extract, and 48% crude fibre (Mabruk et al., 2010) . Although MOWSM contains an exceptional index of nutrients, the presence of anti-nutrient factors (ANF), such as tannins (2.13 mg/kg), saponins (2.25 mg/kg), phytate (41 g/kg) and high crude fibre (22.93 -38%), may be a limiting factor in the utilisation of these seeds in layer diets (Foidl et al., 2001; Anhwange et al., 2004) . Therefore, to limit the impact of ANFs, this trial utilised low levels of MOWSM, in the event that the ANFs would have a negative impact on the parameters evaluated.
To date, there have been several studies done to evaluate the potential of M. oleifera leaf meal in broiler chickens (Wapi et al., 2013; Nkukwana et al., 2014) . However, there is no documented research that has evaluated the potential of MOWSM in layer diets and the effect it could have on layer performance, egg quality and egg fatty acid profile. Therefore, the aim of the current study was to assess the effect of MOWSM supplementation on layer performance, egg quality, and their fatty acid profile.
Materials and Methods
The study was conducted at the Agricultural Research Council -Animal Production Institute (ARC-API) in Irene, Pretoria. The use of animals as well as the experimental design was approved by the Agricultural Research Council Ethics Committee (ARCEC) and the University of Fort Hare Research Ethics Committee (UREC). The following are the certificate reference numbers: ARCEC -(APIEC15/039) and UREC -(NKU061SMAB01), respectively.
A total of 144 Hy-Line laying hens at 20 weeks of age, with an average body weight of 1.45 kg were assigned to four dietary treatments. The treatments contained M. oleifera whole seed meal (MOWSM) inclusion levels of 0, 1, 3, and 5%. Dietary treatments in Table 2 were formulated to be iso-nitrogenous and iso-energetic to meet and exceed the National Research Council nutrient recommended levels for laying hens (NRC, 1994) . The diets were fed at ad libitum to the layers throughout the trial period. Moringa oleifera whole seeds used in the trial were purchased from Moringa South Africa, a company based in Oudtshoorn, South Africa. The seeds were stored for 2 months, grinded through a 1 mm sieve and transported to the study site where they were mixed with the rest of the trial feed raw materials.
Each treatment group had 36 hens, which were replicated 6 times in a completely randomised design. The stocking density consisted of 2 hens per cage (with an area of 45 cm x 45 cm) and three cages were treated as a replicate (n = 6 hens/replicate). Each cage was equipped with 1 nipple drinker and a feeding trough; a day-length of 14 hours was used as the source of sunlight.
Proximate analysis was carried out on all experimental diets and on MOWSM for gross energy, CP, crude fibre, moisture, ether extract, ash, as well as calcium and phosphorus using the standard methods of analysis described by the Association of Official Analytical Chemists and the results are shown in Tables 1  and 2 ( AOAC, 1991) . Both acid detergent fibre (ADF) and neutral detergent fibre (NDF) were determined using a method described by Van Soest et al. (1991) . The analysis of the feed was carried out at the ARC-API Analytical Laboratory in Irene, Pretoria. Layer performance and egg quality were monitored weekly over the eight-week trial period. Feed intake (FI), bodyweight (BW), the rate of lay (ROL), egg weight (EW) and egg mass (EM) were measured as layer performance parameters. Whilst albumen height (AH), albumen weight (AW), yolk weight (YW), yolk colour (YC), eggshell weight (ESW), eggshell thickness (EST) and egg shape index (ESI) were measured as the parameters to assess egg quality.
Feed intake was determined weekly, while body weights were recorded at the start and at the end of the experiment period. The eggs were collected three times a day and egg weights were taken thereafter. The rate of lay (ROL) was calculated per week by taking the total number of eggs produced and dividing them by the number of hens per treatment group and multiplied by 100. Egg mass (EM) was calculated by multiplying the egg weight (EW) by the ROL per treatment. The data for layer performance was collected and calculated using the procedure and formulas described by Laudadio et al. (2011) . T -Treatment. 0% MOWSM, control = 0%; T2 = 1%; T3 = 3%; and T4 = 5% Moringa oleifera Whole Seed Meal Inclusion levels, % = percentage *Premix provided per kilogram of diet: vitamin A (1000 000IU), 10 000 IU; vitamin D3 (500 000IU), 3 000 IU; vitamin E (500IU), 15 IU; vitamin K3 (43%), 1500 mg; vitamin B1, 2000mg; riboflavin (80 %), 4000mg; Calcium pantothenate, 7000mg; niacin (99.5%), 28 000mg; vitamin B12, 20mg; vitamin B6 (98%), 2.50g ;choline (Chloride 60%), 259.74g; Folic Acid, 0.50g; biotin (2%), 25mg; Manganese, 70 000mg; zinc, 30 000 mg; copper, 6 000mg; iodine, 1000 mg; Cobalt, 500mg; iron, 30 000mg; selenium (Sodium selenite 4.5%), 150mg; (Carrier) Dolomite, 1509 701mg **Acid detergent fibre ***Neutral detergent fibre A total of 72 eggs collected from all treatment groups (n =18 eggs/treatment) were assessed for AH, AW, YW, YC, ESI, EW EST and ESW. The ESI was assessed using an Electronic Digital Calliper (Time Technology, Netherlands) by measuring the width (mm) and height (mm) of the eggs. Egg weight was measured by placing the egg on a HM-200 scale (A & D Co., Ltd Japan). Thereafter, the egg was cracked onto a flat surface, where the Electronic Digital Calliper was used to measure the height of the albumen. The YC was assessed using the DSM Colour Yolk Fan (DSM Nutritional Products, Switzerland). The yolk and the albumen were separated with a Pekebo egg yolk-white separator and weighed individually using a digital balance scale (The Lab Depot, Inc.). Following the internal egg quality analysis, the eggshells were washed with distilled water and dried at room temperature over 3 consecutive days. Thereafter, the ESW was measured using a digital balance scale (The Lab Depot, Inc.). The EST was assessed by measuring the thickness of the pointy, equator and blunt end of the egg using the Electronic Digital Calliper (Time Technology, Netherlands). The formulas below were used, respectively, to calculate EST and ESI (Stadelman, 2002; Monira et al., 2003; Parmer et al., 2006) . EST = (pointed end + equator + blunt end)/ 3 ESI = (egg width / egg length) × 100
For the determination of the fatty acid profile, 18 eggs (n = 3 eggs/ replication) were collected on the last day of the trial, for the analysis of FAs using the Gas Liquid Chromatography (GLC) method as described by Christopherson and Glass (1969) . Fatty acid methyl esters (FAME) were prepared by transesterification as described by (Garces & Mancha, 1993) . One µl sample of the FAME was injected into the GLC and the resolution of the individual fatty acid was recorded. The unknown fatty acids were identified by comparing them to a known standard of FAs injected under the same temperature and pressure. The Shimadzu CR4-A Chromatopac was used to determine the percentage of each FA in the FAME. The atherogenicity index (AI) and thrombogenicity index were calculated using the formulas below. (Senso et al., 2007; Garaffo et al., 2011) The data was statistically analysed using a completely randomised One-way analysis of variance (ANOVA). The variables that were measured include the ROL, FI, BW, EM, AH, AW, YW, YC, ESI, EW, EST, ESW, FAs, AI, and TI. The general linear model procedure (PROC-GLM) of the SAS program (SAS, 2004) was used to test for significant (P <0.05) differences between the treatment means, whilst Tukey's significant difference test was used for mean separation. The statistical linear model used was Y = µ + T i + e Where: Y= variables studied over the 8-week period, µ = overall mean of the population, T i = effect associated with the ith level of MOSWM, and e = random error associated with the variables tested.
Results and Discussion
The effect of MOWSM dietary inclusion on feed intake (FI), bodyweight (BW), the rate of lay (ROL), egg weight (EW) and egg mass (EM) is presented in Table 3 . The dietary inclusion of MOWSM had a decreasing effect (P <0.05) on FI. The FI of birds fed on 5% of the MOWSM diet was the lowest (P <0.05), while those fed diets with less or no MOWSM had the highest. A similar trend was observed with the change in BW. Birds that were fed 5% of the MOWSM had the lowest gains (P <0.05) or were unable to maintain their BW, compared to those fed on the control diet. Hassan et al. (2017) observed similar results, reporting that FI and BW decreased with the increase of MOWSM in broiler diets. These results are also in line with those observed by Talha & Ahmed (2012) who concluded that an increase in MOWSM led to a depression in FI and BW of laying hens. Sayda et al. (2011) reported concurring results, where high inclusion levels of sunflower seed meal (SSM) in layer diets were observed to decrease FI. In a study conducted by Ahmed and Abdelati (2009) , it was also observed that the inclusion of Leucaena leucaephala seed (LLS) in layer diets had a negative effect on FI. All the above results show that some unconventional feed ingredients depreciate FI, which ultimately leads to a decrease in the BW of layers.
Anti-nutritive factors (ANF) such as phytate, saponins, tannins, oxalates, trypsin inhibitors and cyanogenic glycoside play a monumental role in the digestibility-potential of vegetable feed ingredients (Soetan & Oyewole, 2009) . Moringa oleifera whole seed meal is higher in phytate content (10.18 mg/100 g) when compared to other vegetable feed ingredients (Foidl et al., 2001; Anhwange et al., 2004) . The seeds also contain other ANFs such as tannins (2.13 mg/kg) and saponins (2.25 mg/kg) that may have a deleterious effect on animal performance (Anhwange et al., 2004) . The decrease in FI could have been attributed to the presence of phytate, tannins and saponins, which all can suppress FI due to their unpalatable and nutrient-binding nature (Anhwange et al., 2004) . Hassan et al. (2017) concurred with these results and attributed the decrease in FI and BW to the phytate available in the MOWSM which reduces bioavailability of minerals and the digestibility of starch and protein. Ahmed et al. (2017) also reported that the decrease in production performance of layer chickens fed with M. oleifera pod meal was a result of the high fibre and ANFs which resulted in a bulky diet that decreased nutrient digestibility in the gut. Sayda et al. (2011) observed that the dietary inclusion of seed meals such as SSM and LLS had a decreasing effect on BW. The decrease in BW in the current study could have been attributed to the low FI, which may have been induced by the ANFs in MOWSM. Besides their unpalatability, saponins and phytate also bind to the exogenous and endogenous protein, cations, and enzymes; thus, decreasing the uptake and metabolism of proteins and other essential nutrients in the gut of the hen (Anhwange et al., 2004) . The unavailability of essential nutrients from the gastro intestinal tract force layer hens to utilise body reserves to sustain their nutrient needs, subsequently leading to decreased BWs. Moringa oleifera whole seeds contain 0.58 mg/100g of hydrogen cyanide, which is also one of the ANFs (Anhwange et al., 2004) . Hydrogen cyanide has been reported to have a significant decreasing effect on weight change (Alikwe & Omotosho, 2013) . Animals detoxify cyanide through cyanide thiocyanate sulphur-transferase, which require organic sulphur donors in the form of methionine and cysteine amino acids. This subsequently leads to a deficiency of amino acids, which leads to a decrease in animal weight and growth (Akinmutimi & Okwu, 2006) . Contrary to the results found by the above researchers, Ahmed et al. (2017) found Moringa oleifera seed pod meal to have no effect on FI. Similarly, Paguia et al. (2014) found the inclusion of Moringa oleifera leaf meal to have no effect on FI.
The inclusion of MOWSM in the layer diets also had a decreasing effect on the rate of lay (ROL) (P <0.05). The ROL was the lowest in birds that received diets with 5% of MOWSM (48.21%) compared to those of the control diet (72.65%). Ahmed and Abdelati (2009) reported similar results with the inclusion of LLS in layer diets when they concluded that the ROL decreased with the increase of LLS. The decrease in the ROL could have been attributed to the decrease in the FI and BW, with the limited nutrients that the layers consumed being focused mainly on body maintenance and less on the production of eggs. Saponins and phytic acid present in most seed meals limit the availability of protein in the gut, with hens consequently prioritising maintenance of their body condition as opposed to laying eggs (Anhwange et al., 2004) . Results from studies carried out by Tsuzuki et al. (2003) and Shi et al. (2012) observed that SSM supplementation had no effect on the ROL and this may validate the ANF justification since SSM is low in ANFs like phytic acid and saponins. These results are in line with Ahmed et al. (2017) when it was reported that the inclusion of Moringa oleifera pod meal had no effect on the ROL.
The EW across all dietary treatments with MOWSM was within the same range as those of the control group (P =0.09). Similar results were found by Ahmed et al. (2017) when EW was not affected by the inclusion of Moringa oleifera pod meal in layer hen diets. Concurring results were also found when Ahmed and Abdelati, (2009) and Shi et al. (2012) reported that EW was not affected by the presence of LLS and SSM in the layer diet, respectively. Egg weight is influenced mainly by genetics, environment, and hen age (Albrecht, 2011) . This could explain why there was no statistical difference in the current study because all the chickens were of the same age and strain. The supplementation of MOWSM in layer diets had a decreasing effect on EM (P <0.05). Since the calculation of EM includes both EW and ROL, any differences on the two variables are ultimately expressed in the EM. Therefore, the difference in EM between the treatments could be attributed to the differences that were observed in the ROL. Sayad et al. (2011) observed corresponding results, and concluded that SSM inclusion in layer diets influenced EM. However, unlike the current study, Sayad et al. (2011) found SSM in layer diets to improve EM. Similarly, Data on egg quality is presented in Table 4 , showing the effect of MOWSM on AH, AW, YW, YC, ESW, EST, and EST. Albumen height was reduced when MOWSM was included in the layer diet (P <0.05) and this decrease in AH became more prominent as the inclusion of MOWSM increased. In a study conducted by Shi et al. (2012) , it was concluded that a decrease in AH was caused by the presence of ANFs with the included SSM batch in the layer diets. Since there were ANFs in MOWSM then it can thus be concluded that AH was also decreased by the presence of ANFs. Albumen weight and YW however were both not affected by the inclusion of MOWSM (P >0.05) in the layer diet. Similarly, Tasfaye et al. (2014) and Ahmed et al. (2017) reported that an increase in moringa oleifera leaf and pod seed meal in layer diets had no effect on EST and ESI, respectively. Sayda et al. (2011) found contrasting results with the inclusion SSM in layer diets, which was found to increase the YW . Yolk colour was improved (P <0.05) by the inclusion of MOWSM in the layer diet at 1, 3 and 5%. The layer diet containing MOWSM had the most effect on YC and this was affected by the carotenoids present in oil seeds like MOWSM. The oil present in the oil seeds does help with pigmentation in the yolk and this could explain why diets supplemented with MOWSM had better yolk colour scores when compared to the control diet (Costa et al., 2008) .
A study by Tsuzuki et al. (2003) also found that the inclusion of SSM had a significant effect on YC. Eggshell weight, EST and ESI results showed that the inclusion of MOWSM had no effect when compared to the control group (P >0.05). Concurring results were reported by Novak and Scheidler (2001) and Bean and Leeson (2003) who concluded that flax seed inclusion had no effect on the eggshell quality. Contradicting results were observed by Ahmed and Abdelati (2009) , who indicated that the inclusion of LLS to layer diets influenced ESW but not on EST.
The effect of MOWSM on the fatty acid profile eggs is shown in Table 5 . The inclusion of MOWSM in this study was observed to have no effect (P >0.05) on the total fat content throughout the treatment groups. Total saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids were all similar (P >0.05) throughout the treatment groups. A similar trend was found on the omega 3 (n-3), 6 (n-6), and 9 (n-9) fatty acid groups; respectively. All the SFAs detected in the egg yolk were found to be the same (P >0.05) throughout the treatment diets. Palmitic and stearic acid are among the fatty acids which are used in the calculation of AV as an indication of the atherogenic nature of the eggs (Senso et al., 2007; Garaffo et al., 2011) . Although there were no significant differences in the current study with regards to palmitic and stearic acid throughout the diets, the increase of MOWSM induced a decrease in the two fatty acids; indicating that the inclusion of more MOWSM in the diet could improve the health potential of the eggs.
It was found that even though oleic acid is the dominant MUFA in MOWSM, palmitoleic acid was the only MUFA to be affected (P <0.05) by the inclusion of MOWSM in layer diets. It may be possible that the levels of oleic acid present in the diet were not sufficient to induce a significant effect throughout the diets. The trend shows that an increase in MOWSM inclusion brings about a decrease in the palmitoleic acid in the egg yolk. In the PUFAs, linolelaidic acid was the only FA to be affected (P <0.05) by the inclusion of MOWSM. As the inclusion of MOWSM increased, so did the percentage of linolelaidic acid content in the egg yolk. This could be an indication that if the concentration of MOWSM would increase in the diet, then the concentration of linolelaidic acid would also increase significantly. Laying hens can convert linolenic acid to its n-3 products; eisopentsenoic acid and docosahexaenoic by desaturation and elongation in the liver, and these elongated metabolites are deposited in the egg yolk (Collins et al., 1997; Ayerza & Coates, 2000) .
The AI in the egg yolks was found to be unaffected (P >0.05) by the inclusion of MOWSM in the diet. Anti-atherogenic lipids inhibit the aggregation of plaque and diminishing the levels of esterified FA, cholesterol, and phospholipids, thereby preventing the appearance of micro and macro-coronary diseases (Tsiplakou et al., 2008) . The increase of MOWSM in the respective treatment groups produced a decrease in the AI value but the decrease was not significant. As it was observed in the fatty acid profile, this decrease may imply that an increase in MOWSM in the diets would have a possible health benefit to the consumers. This response correlates to the palmitic and stearic acid that were not significantly different, but still exhibited a mathematical decreasing trend with the increase in MOWSM content.
The results also indicate that MOWSM had a significant effect on TI values. According to Garaffo et al. (2011) , the TI has the tendency to form clots in the blood vessels and it is defined as the relationship between the pro-thrombogenetic FA, which are the SFAs and anti-thrombogenetic FAs, as in the MUFAs, PUFAs, -n6 and -n3; respectively.
Conclusions
From the results obtained from this trial, it can be concluded that supplementation of MOWSM in layer diets decreased layer performance, with the exception of EW. With regards to egg quality, AH decreased with the increase in MOWSM dietary inclusion but YW, ESW, EST, and ESI were not affected. Yolk colour, on the other hand, had a directly proportional relationship with the inclusion of MOWSM. Except for palmitoleic and linolelaidic acids, eggs across all treatments showed a similar enrichment with FAs. The health indices yielded variable results. The dietary inclusion of MOWSM at 3 and 1% MOWSM has a greater potential to harm consumer health, when compared to 0 and 5% MOWSM that had the lowest IT values, respectively. More research may still need to go into determining why the inclusion of MOWSM produces variable TI values at these inclusion levels. It may be concluded that although partial supplementation of MOWSM at levels ranging from 1 to 5% may maintain external egg quality, improve YC and some FA enrichment but the deleterious effects it has on layer performance, and AH, it may not be used at these levels in early-lay diets.
